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ABSTRACT 
The potential transfer of resistance against the rat tapeworm, Hymenolepis 
diminuta, from adult BALB/c mice to their young, was tested by comparing the wonn 
burdens of 24 experimentally infected pups from previously infected females to 14 
experimentally infected pups from uninfected females. The mean number of worms 
recovered, mean weight of recovered wonns and frequency of mice pups with eggs of the 
parasite in their feces were significantly lower in infected pups from infected mothers than 
in infected pups from uninfected mothers. The lower wonn burden observed in the 
infected pups from infected mothers suggested that the resistance to H. diminuta in mice 
was transferred to their young at birth. 
Although cellular immunity has been suggested to be of primary importance in the 
immune response, results of an ELISA test has shown that infection also stimulated 
humeral response in neonates. Wann-specific IgG was found to be transferred 
transplacentally and transmammary from females to neonates during gestation and 
lactation and also produced in infected pups, but the titer in serum was not significantly 
related to resistance. 
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INTRODUCTION 
The tapeworm, Hymenolepis diminuta Rudolphi, 1819, is a well recognized 
parasite of rats. In its two-host life cycle, larval cysticercoids are found in internal tissues 
of a coleopteran host, and adult tapeworms live in the gut or associated ducts of a rat 
definitive host (Robb and Reid, 1996; Hopkins and Andreassen, 1991; Williams, 1982; 
Barriga, 1981; and Burt, 1980). The medical and economic importance of cestode 
infections of humans and domesticated animals has led to studies involving the rat 
tapeworm to understand tapeworm transmissions and to improve on treatment, prevention 
and control of infections (Gemmel and Johnstone 1977). 
Research has shown that H. diminuta is recognized immunologically by a mouse 
and rejected (Hopkins and Andreassen, 1991). A primary infection induces a very long 
immunological memory which leaves the animals resistant to reinfection (Hopkins, 1982). 
After worms of the primary infection have been rejected or removed with an anthelmintic, 
growth of worms in a challenge infection stopped within 48 hours after changes in their 
tegument (Hopkins and Andreassen, 1991; Hopkins and Zajac, 1976). The worms then 
become destrobilated and are expelled from the host (Hopkins and Andreassen, 1991 ). 
Demonstrations of responses to secondary infections of H. diminuta in mice have led 
workers to believe that resistance to the tapeworm in mice is cell-mediated (Hopkins, 
1982). Memory T cells have been identified. However, experiments to protect mice 
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against H. diminuta through the transfer of mesenteric lymph node cells have not been 
successful (Hopkins, 1982; Christie, 1979). Currently there is no evidence that humeral 
immunity plays a role in this immune response. 
The present study was designed to assess the importance of hum oral immunity in 
the resistance to the tapeworm in mice. The objectives were; 1) to determine ifthe 
resistance to H. diminuta in previously infected mice was transferred to their young at 
birth, 2) to compare the level of worm-specific antibodies (Immunoglobulin G - IgG, and 
immunoglobulin A - IgA) between H. diminuta-infected and uninfected adult mice, and 3) 
to compare the level of worm-specific antibodies between naive and infected neonates 
born to infected or uninfected females. 
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MATERIALS AND METHODS 
MAINTENANCE OF Hymenolepis diminuta PARASITES AND INFECTION 
TECHNIQUES 
The life cycle of the rat tapeworm (Hymenolepis diminuta) was maintained in 
Sprague Dawley rats and adult mealworms (Tribolium molitor). Beetles were infected by 
feeding on either gravid proglottides or the feces of an infected rat. Cysticercoids 
recovered from infected beetles were used to infect BALB/cByJ mice (Jackson 
Laboratory). 
The infection technique involved drawing up a known number of cysticercoids in a 
minimal volume of 0.9% saline into tygon tubing, fitted onto a syringe with a blunt needle, 
and depositing the cysticercoids into the mouth of adult or neonate mice. Adult female 
mice in experimental groups were infected at 5 and again at 6 weeks of age at a rate of 5 
cysticercoids per mouse per infection. Neonates in infected treatment groups received 2 
cysticercoids each, 7 days after birth. Prior to infection, adult mice were deprived of 
water for 12 hours and neonates were separated from their mothers for about 6 hours to 
ensure they would ingest the inoculum. 
MICE TREATMENT 
Mice were divided into in the following 7 treatment groups: Group AE - 12 
infected adult females; Group AC - 8 uninfected adult females; Group AEP - 12 pairs of 
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infected neonates born and nursed by AE females; Group ACP - 7 pairs of infected 
neonates born and nursed by AC females; Group BEP - 3 infected neonates born to AC 
females and nursed by AE females; Group BCP - 6 uninfected neonates born and nursed 
by AE females; and Group CCP - 3 uninfected neonates born and nursed by AC females 
(See Table 1). 
SERUM COLLECTION AND MEASUREMENT OF WORM BURDEN 
All neonates in groups AEP, and ACP were killed on day 15 post infection (PI). 
Adult mice in groups AE and AC were also killed on the same day by which time they had 
been infected for 7 weeks. The mice were weighed, blood was collected from the heart, 
and intestines were removed immediately after death. The small intestine was cut open 
along its entire length and all tapeworms recovered were counted, fixed in 70% ethanol, 
and weighed. Fecal smears were made to look for parasite eggs. Blood was also 
collected from the hearts of mice in groups BEP, BCP, and CCP after death on day 15 PI 
but their intestines were not examined. All collected blood was allowed to clot overnight 
at 4°C, then centrifuged at lOOOxG for 5 minutes. The serum obtained was stored at 
20°C and used in an indirect enzyme-linked immunosorbent assay (ELISA). 
IMMUNOASSAY A. Preparation ofH. diminuta Antigen 
An adult worm, recovered from an adult rat, was washed 3 times in phosphate-
buffered saline (PBS - l.37x 10·1M NaCl, 3.0xl0"3M KCl, l.OxI0-2M NaiHP04, and 
l.46xl0"3M KH2P04 at pH7.2, Harlow and Lane, 1988). About 3g of the worm tissue 
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was homogenized in PBS at a ratio of lmg worm weight to lml PBS. The homogenate 
was stirred at 4°C for three hours, centrifuged at SOOOxG for 10 minutes, filtered through 
a Whatman #1 filter paper, and stored in O.Sml aliquots at -80°C until used. 
B. ELISA Assay 
Concentrations of worm antigen, sera, and conjugate that showed the greatest 
difference between infected and uninfected animals which were used for all subsequent 
indirect ELISA were predetermined by a checkerboard titration (See Appendix Al). 
Worm antigen ( 50uL of a 1: 10 dilution in 0. 1 M sodium carbonate coating buffer at 
pH 9.6, Zimmerman et al., 1982), was added in excess to each well of a 96 well microtiter 
plate (Corning) and incubated for two hours at room temperature. Any remaining protein 
binding sites in each well were blocked with 0.2% Tween 20 in PBS for two hours. 
Mouse serum (50ul, 1: 10 in PBS) was then added to the wells and the plates incubated for 
one hour at room temperature. Each well was then washed three times with PBS, and 
incubated for 1 hour in 50ul of a 1: 1000 dilution of conjugate (Goat anti- mouse IgG or 
IgA with horse radish peroxida~e). After a final wash with PBS (3x), 50ul of 
tetramethylbenzidine (TMB) substrate (O. lmg of 3',3',5',5'-tetramethylbenzidine dissolved 
in 0 .1 ml of dimethylsulfoxide and added to 9. 9ml of 0 .1 M sodium acetate - pH 6, then 
filtered through a Whatman #1 filter paper followed by addition of3.33ul of 3% H20 2, 
Harlow and Lane, 198 8) was added to each well. Plates were incubated for 15 minutes at 
room temperature, then 50ul of I.OM H2S04 was added to each well to stop the reaction. 
The optical density of the solution in each well was read on an ELISA reader (Bio-tek 
Instruments ELX800) at a wavelength of 450nm. 
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STATISTICAL ANALYSIS 
The Student's independent t-Test was used to analyze differences in mean body 
weight of the mice groups, mean number of worms recovered (converted by the Square 
Root Transformation Formula, Sokal and Rohlf, 1995), and the mean weight of recovered 
worms. The frequencies of mice from various groups with parasite eggs present in their 
fecal smears were analyzed by the Fisher's Exact Test. Antibody levels in the female mice, 
as determined by optical density (OD) values in the ELISA test, were also analyzed using 
the Student's independent t-Test. Analysis of antibody levels in the neonate groups were 
done using the One-Way Analysis of Variance (ANOVA) and subsequently the Duncan's 
Multiple Range Means Comparison Test. The level of significance was set at P<0.05 for 
all analyses. 
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RESULTS 
The mean body weight(+/- one standard error) per mouse was 25.20g +/- 1.04 
and 22.98g +/- 1.06 for female mice groups AE (n=l2) and AC (n=8) respectively. 
Neonate groups AEP (n=24) and ACP(n=l4) had mean body weights of 10.67g +/- 0.25 
per mouse and l l .04g +/- 0.87 per mouse respectively. There was no significant 
difference between the mean body weights of AE and AC female mice (P=O. l 0) or 
between mean body weights of AEP and ACP neonates (P=0.32). 
The mean number of worms recovered per ACP mouse (1.13 +/- 0.21) was 
significantly higher than that recovered from AEP mice pups (0.89 +/- 0.12) (P=0.02). 
The mean weight of worms recovered per mouse in the same groups was significantly 
higher in group ACP (82.7lmg +/- 21.73) than in group AEP (23.3mg +/- 5.57) (P=0.02). 
Percentage of mice pups with eggs of the parasite was also significantly higher in ACP 
neonates (45.5%) compared to AEP mice pups (10.0%) (P=0.03). (Table 2). 
The mean optical density (OD) for serum IgG was 0.117 and 0.109 for AE and 
AC adult female mice respectively. The mean serum IgA OD values in the same order 
were 0.086 and 0.094. The differences between the two groups were not significant when 
comparing either IgG (P=0.11) or IgA (P=0.39) (Figure 1). 
The differences in the mean serum IgG OD values comparing all neonate groups 
were significant (P=0.03) by a One-Way ANOV A. The Duncan's Multiple Range Test 
showed that the mean serum IgG OD value in CCP neonates (n=3) (OD=0.056) was 
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significantly lower than the values in the serum of AEP (OD=0.100), ACP (OD=0.098), or 
BCP (n=6) (OD=0.090) neonates. There was, however, no significant difference between 
the mean serum IgG OD of CCP and BEP (n=3) (OD=0.084) neonates (Figure 2). The 
mean serum IgA OD values were 0.075, 0.066, 0.073, 0.069, and 0.041 respectively for 
groups AEP, ACP, BEP, BCP and CCP. No differences were found by ANOVA between 
the mean OD values when comparing serum IgA among the neonate groups 
(P=0.24)(Figure 3). 
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DISCUSSION 
Group AE females, although previously infected, did not have any worm burden 
when necropsied (Table 2). In pre-trial experiments, BALB/c mice rejected the parasites 
by day 14PI (Data not shown). Therefore, at the time of necropsy, AE females had 
probably already rejected the parasites in a similar manner. Group AC females remained 
uninfected throughout the experiment. No differences in mean mouse weight between AE 
and AC females implied that there was little long term or irreversible effect of the 
tapeworms on the adult mice. 
The lower worm burden, both in number and weight of worms recovered per 
mouse, in AEP neonates compared to ACP neonates was likely the reason for the lower 
percentage of neonates shedding parasite eggs in neonate group AEP. All these 
parameters suggested that AEP neonates were more resistant to H. diminuta parasites than 
ACP neonates. The difference in treatment between the two neonate groups was that 
AEP neonates were born and nursed by infected females and ACP neonates by uninfected 
females. Therefore, the difference in worm burdens between AEP and ACP neonates 
suggested that some resistance to H. diminuta in infected adult mice was also transferred 
to their young at birth. Like in the adults, the higher worm burden in ACP neonates did 
not produce any significant difference in weight when compared to AEP. 
The immune-mediated protection of animals from infectious organisms, which 
improves with repeated exposure to the invading organism, has been described by some 
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workers as an adaptive immune response (Harlow and Lane, 1988). This response is 
mediated either by the production of antibodies (immunoglobulins) by B lymphocytes, 
known as humoral immunity, or by the action of cytotoxic T lymphocytes, known as cell-
mediated immunity, or by both (Harlow and Lane, 1988; and Barriga, 1981 ). 
The difference in OD values between AE and AC females, when serum IgG or IgA 
was tested for, was not significant (Figure 1 ). One possible explanation is that AE females 
which were infected, and were expected to have higher OD values, had rejected all the 
tapeworms prior to necropsy. This may have resulted in the reduction of worm-specific 
IgG in their serum. It is also likely that intestinal infection presented immunoglobulins to 
gut associated lymphatic tissue that may not have resulted in production of systemic 
circulating IgG or IgA. 
Comparisons between the series of neonate groups was done in an attempt to 
determine if this resistance was humoral mediated and which isotype may be involved. 
IgG is the only immunoglobulin known to readily cross the placenta to the developing 
fetus. IgG and IgA are present in colostrum of milk and can cross the digestive epithelium 
to nursing neonates (Harlow and Lane, 1988; David, 1982; and Barriga, 1981 ). Group 
CCP was used as the neonate baseline antibody level control. As uninfected neonates of 
uninfected mothers, they should not have received H. djminuta-specific antibodies from 
infected mothers, or produced them on their own due to infection. Neonate groups AEP 
and BCP may have received worm-specific IgG from AE females either transplacentally or 
in the colostrum. Worm-specific IgG may also have been transferred from AE females to 
neonate group BEP through the colostrum, but this group had no access to maternal IgG 
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via the placenta. The differences between groups CCP and AEP in IgG OD values 
showed that infected mice pups from infected mothers had higher IgG titers than naive 
mice pups. The differences in IgG OD values between CCP and ACP indicated that 
neonates generated their own H. diminuta-specific IgG in their serum (Table 1). Evidence 
for the trans placental transfer of worm-specific IgG to mice fetuses was shown by the 
significantly lower H. diminuta-specific IgG OD values in CCP neonates compared to 
BCP neonates (Figure 2). However, comparisons between neonate group BEP (with no 
possibility of transplacental transmission) and CCP showed no differences in serum IgG 
OD values. This may have been due to the variability in the controls, although values 
were close to significance. Neonate group ACP versus BCP did not show any differences 
in OD values for H. diminuta-specific IgG. This showed that IgG titres, produced by mice 
pups against the tapeworm were as high as that transferred transplacentally from the 
infected females. Comparisons between groups AEP and ACP also revealed that levels of 
worm-specific IgG produced in mice pups alone were as high as the combination of H. 
diminuta-specific IgG transferred from the mother plus those produced in the neonate. 
Group AEP neonates were more resistant to the tapeworm than ACP neonates as 
determined by worm burdens. However, the ELISA test showed no significant differences 
in OD values when testing for worm-specific IgG between the two groups. Hopkins 
(1982), observed that an infection led to cells of inflammation causing the intestines to be 
in a more immunologically responsive state. Since the ELISA test only tested for 
immunoglobulins in the mice sera, the lower worm burden in AEP neonates may possibly 
have been due to the early maternally derived IgG resulting in a more immunologically 
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responsive intestine with high localized titers in the gut associated lymphocytes or 
secretions. The maternally derived IgG may have been used up at the time the neonates 
were infected, therefore, the ELISA may have been a measure of the neonates' response. 
According to Newman (1995) and Barriga (1981), IgA is the predominant 
immunoglobulin in secretions such as colostrum with some amount found in the serum as 
well. However, no differences were found in serum IgA OD values between the neonate 
groups (Figure 3). This implied that there was little worm-specific IgA in the sera, but 
IgA titers in secretions may have been higher. 
In conclusion, H. diminuta infection induced resistance in mice as seen by the 
expulsion of worms in infected females and decreased worm burdens in their neonates. 
This resistance was transferred to their young at birth. Worm-specific IgG was transferred 
transplacentally and/or transmammary from female mice to developing neonates. It was 
produced in infected neonates but did not appear to be the main factor responsible for the 
reduction of worm burdens in the mice. Future studies examining IgG and IgA titres in 
intestinal lymphatic tissues and secretions may be helpful in documenting the role of 
immunoglobulins in resistance to tapeworms. 
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TABLE 1. Mice groups, group treatment, and source of H. diminuta specific antibodies 
in the mice sera. 
MOUSE TREATMENT SOURCE AND TEST FOR II. dlminutae 
GROUP SPECIFIC ANTIBODIES IN SERUM 
AE 12 Infected adult females Titers oflgG/IgA produced by female 
after infection 
AC 8 Uninfected adult Titers of uninfected female (baseline) 
females antibodies 
AEP 24 infected neonates born Titers oftransplacental and transmammary 
and nursed by AE females IgG/IgA from AE female and IgG/IgA 
produced by neonate 
ACP 14 infected neonates born and Titers of IgG/IgA produced by neonate 
nursed by AC females 
BEP 3 Infected neonates born to AC Titers oftransmammary IgG/IgA and 
females, nursed by AE females IgG/IgA produced by neonate 
BCP 6 Uninfected neonates born and Titers oftransplacental or transmammary 
nursed by AE females IgG/IgA from AE female 
CCP 3 Uninfected neonates born and Titers of uninfected neonate (baseline) IgG/IgA 
nursed by AC females 
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TABLE 2. Worm burden data at necropsy (Neonates and their mothers were all 
necropsied on day 15 days PI of neonates) for mice groups AE, AC, AEP, 
and ACP. Where (*) implies a significant difference between values in 
the same column. 
MOUSE MEAN MEAN# MEAN MICE WITH 
TREATMENT MOUSE WORMS WEIGHT PARASITE 
WEIGHT RECOVERED WORMS EGGS 
(g) (+/- se) RECOVERED (%) 
(+/- se) (mg) 
(+/- se) 
AE Females 25.20 0.0 0.0 0.0 
(n=12) (+/-1.04) 
AC Females 22.98 0.0 0.0 0.0 
(n=8) (+/-1.06) 
AEP Neonates 10.67 0.89* 23.2* 10.0* 
(n=24) (+/-0.25) (+/-0.12) (+/-5.57) 
ACP Neonates 11.04 1.13* 82.71 * 45.5* 
(n=14) (+/-0.87) (+/-0.21) (+/-21.73) 
20 
FIGURE 1: Mean IgG (+/- 0.006) and IgA (+/- 0.029) OD values in serum of 
infected (AE) and uninfected (AC) adult female mice. No significance differences were 
found in the mean IgG or IgA OD values between the two adult mice groups. 
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FIGURE 2: Mean IgG (+/- 0.010) OD values in serum of mice pup groups. Control 
group CCP neonates had significantly lower serum lgG OD values than groups AEP, 
ACP, or BCP. There was no difference between CCP and BEP. 
22 
0 
Ln 
0.12 
0.10 
0.08 
~ 0.06 
< 
0.04 
0.02 
n=24 
AEP 
n-14 
ACP BEP BCP CCP 
Neonate Mice Groups 
Figure 3 : Mean IgA (+/- 0.005) OD values in serum of mice pup groups. No differences 
were found in serum IgA between the mice pup groups. 
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APPENDIX Al 
Results of a checkerboard titration series to detennine the optimal dilutions of wonn antigen, mouse 
serum, and conjugate to be used for the assay are shown on the following table. The color developed 
at the end of the reaction was scored as: 4 - Intense reaction (Blue); 3 - Moderate reaction (Light 
blue); 2 - Mild reaction 0/ery pale blue); and 1 - No color. Reactions with an(*) indicates optimal 
dilutions that were used for the assay. 
1. ELISA REACTIONS USING SERUM FROM SIX INFECTED MICE 
TITRATION DILUTIONS RESULTS 
Wonn Blocking Antibodies Conjugate 
antigen ~ in serum 
1:10 0.2% Tween-20 1: 10 1:100 3 
1:10 0.2% Tween-20 1:100 1:100 3 
1: 10 0.2% Tween-20 1:1000 1:100 3 
1:10 0.2% Tween-20 1: 10 1: 1000 4* 
1: 10 0.2% Tween-20 1:100 1: 1000 3 
1: 10 0.2% Tween-20 1:1000 1:1000 2 
1:10 0.2% Blotto 1: 10 1:100 3 
1:10 0.2% Blotto 1:100 1:100 3 
1:10 0.2% Blotto 1:1000 1:100 3 
1:10 0.2% Blotto 1:10 1:1000 2 
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(Contd) 
TITRATION DILUTIONS RESULTS 
Worm Blocking Antibodies Conjugate 
antigen • in serum 
1:10 0.2% Blotto 1:100 1: 1000 3 
1: 10 0.2% Blotto 1:1000 1: 1000 3 
0.2% Tween-20 1:100 1:100 3 
0.2% Blotto 1:100 1:100 2 
1: 10 1:100 3 
1:100 1:100 3 
1:1000 1:100 3 
1:10 1:1000 3 
1:100 1:1000 3 
1:1000 1:1000 3 
2. ELISA REACTIONS WITH NO MOUSE SERUM ADDED 
TITRATION DILUTIONS RESULTS 
Worm Blocking Antibodies Conjugate 
antigen ~ in serum 
0.2% Tween-20 1:100 4 
0.2% Tween-20 1: 1000 4 
0.2% Blotto 1:100 1 
0.2% Blotto 1:1000 1 
1:10 1:100 3 
1:10 1:1000 2 
25 
(Contd) 
3. ELISA REACTIONS USING SERUM FROM UNINFECTED MICE 
TITRATION DILUTIONS RESULTS 
Worm Blocking Antibodies Conjugate 
antigen ~ m serum 
1: 10 0.2% Tween-20 1:10 1:100 3 
1: 10 0.2% Tween-20 1:100 1: 100 3 
1: 10 0.2% Tween-20 1: 1000 1:100 3 
1:10 0.2% Tween-20 1: 10 1: 1000 2* 
1: 10 0.2% Tween-20 1:100 1: 1000 2 
1: 10 0.2% Tween-20 1: 1000 1:1000 2 
1: 10 0.2% Blotto 1:10 1:100 3 
1: 10 0.2% Blotto 1:100 1:100 3 
1: 10 0.2% Blotto 1: 1000 1: 100 4 
1: 10 0.2% Blotto 1: 10 1: 1000 2 
1: 10 0.2% Blotto 1:100 1:1000 3 
1: 10 0.2% Blotto 1: 1000 1:1000 3 
0.2% Tween-20 1:100 1:100 3 
0.2% Blotto 1:100 1:100 
1: 10 1:100 4 
1:100 1:100 4 
1:1000 1:100 3 
1: 10 1:1000 3 
26 ' 
(Contd) 
TITRATION DILUTIONS RESULTS 
Worm Blocking Antibodies Conjugate 
Antigen Scllh in serum 
1:1000 1:1000 2 
1:100 1:1000 2 
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